Background/Aim. Anatomical parameters of the bony components of the hip joint are essential for better understanding of etiopathogenesis of diseases like primary osteoarthrosis of the hip joint. The aim of this reserch was to examine the normal acetabular morphometry in Serbian population and to determine whether there are sex differences in anatomical parameters of the acetabulum among asymptomatic subjects. Methods. Pelvic radiographics of 320 adult asymptomatic patients (640 hips) were analyzed in 170 men and 150 women to determine the morphology of the acetabulum in Serbian population. For each hip the center edge angle of Wiberg (CEA), the acetabular angle of Sharp (AA), acetabular depth (AD), acetabular roof obliquity (ARO) and roof angle (RA) were measured. Results. The following average measurements for acetabulum geometry were obtained (ґ ± SD): CEA -33.5 ± 6.5° (33.6 ± 5.8° in male, 33.3 ± 6.9° in female), AA -38.0 ± 3.8° (37.5 ± 3.6° in male, 38.5 ± 3.9° in female), AD -11.9 ± 2.8 mm (12.5 ± 2.7 mm in male, 11.2 ± 2.7 mm in female), ARO -7.6 ± 5.7°( 6.2 ± 4.9° in male, 9.0 ± 6.0° in female) and RA -18.4 ± 10.0° (19.6 ± 8.5° in male, 17.1 ± 9.5° in female). There were significant differences in the CEA, AA, AD, ARO and RA related to gender (p < 0.01,. Conclusion. There are significant gender differences in Serbian population for all the examined anatomical parameters of acetabulum. We found sex-related differences in acetabular morphology, female acetabulum being marginally more dysplastic than male acetabulum. There is also a clear tendency of female hips to be more dysplastic than male ones.
Introduction
The hip joint is functionally a three-dimensional ball and socket joint, often called cotyloid joint because of its anatomical feature. It enables movements in all the three planes as rotation. The femoral head articulates with the cupshaped (cotyloid) acetabulum, its center lying a little below the middle third of the inguinal ligament. The acetabulum, with a median curvature radius of 2.7 cm, is formed by parts of the ilium, pubis, and ischium which rejoin in a cartilaginous Y to the hip bone. The femoral head, slightly more than one-half a sphere, has a constant curvature radius of about 2.5 cm. Its smoothness is interrupted posterior inferior to its center by a small rough fovea. The femoral neck is about 5 cm long and connects the head to the shaft at the angle of about 125°
1 . More information is needed about the anatomical parameters of the acetabulum of the normal hip joint, including its shape, depth at precise locations, and the influence of age, sex and congenital morphology 2, 3 . As race, climate, heredity and geographical areas have strong influence on the anthropometric parameters of the bone, therefore, the present study was undertaken to note the average anatomical parameters of the acetabular part of the hip joint in Serbian population. Anatomical parameters of the bony components of the hip joint are essential for better understanding of etiopathogenesis of diseases like primary osteoarthrosis of the hip joint. Also, knowledge about various bony components of the hip joint will not only help the radiologists, but will be also of immense importance to the orthopedicians and prosthetists to construct suitable prosthesis. The awareness about average dimensions of hip bones joints in both sexes will also help in early detection of disputed sex by forensic experts.
The aim of this study was to examine normal acetabular morphometry and to determine whether there are sex differences in anatomical parameters of acetabulum among asymptomatic subjects without structural change.
Methods
Pelvic radiographies of 320 adult patients, 170 men and 150 women, with clinically normal hip joints (640 hips) were analyzed in to determine the morphology of the acetabulum in Serbian population. The average age of patients was 47.8 years (from 21 to 65), divided by decades: the twenties 10.0% (32), the thirties 15.0% (48), the forties 19.69% (63), the fifties 28.12% (90) and over sixties 27.19% (87). The research was conducted as a prospective study. For each acetabulum the center-edge angle of Wiberg (CEA), the acetabular angle of Sharp (AA), acetabular depth (AD), acetabular roof obliquity (ARO) and roof angle (RA) were measured ( Figure 1) .
Patients with known hip disease or pain located in the hip region, including ambiguous pain probably of lumbar origin but irradiating to the region of the greater trochanter, groin, or thigh, were excluded from this study. We also excluded patients with bone disorders such as Paget's disease, femoral head disease, acquired deformities, unequivocal OA of the hip, and evident osteophytes or cysts adjacent to the hip joint cavity. Films with incorrect patient positioning (misalignment of the sacropubic symphysis vertical axis ≥ 1.5 cm) were also excluded. Antero-posterior (AP) radiograph was used to measure the radiography of the hip joint. The patients were placed in the supine position with legs extended and internally rotated for 15°, with a distance of 100 cm between the radiographic source and the film. The central radiographic ray was aligned to be perpendicular to the cassette, entering 5 cm superior to the pubic symphysis. All measurements were made using a new Plexiglas instrument, the "arthrometer", which comprises a ruler and protactor appropriate for measuring hip architectural angles 3 . Interpretations were performed by a single physiatrist trained in the radiographic characteristics of acetabular morphometry.
The AA was measured from the intersection of the horizontal line passing through the bottom of the "tear drop" and the line connecting the bottom of the "tear drop" to the lateral lip of the acetabulum. The greater the angle, the more dysplastic the hip ( Figure 1A) 4, 5 . The CEA was defined as the angle between the line joining the center of the femoral head to the lateral margin of the acetabular roof and the line perpendicular to that joining the centers of the two femoral heads ( Figure 1B) 6 . The center of each femoral head was established by superimposing a circle around its margin.
The AD was defined as the greatest perpendicular distance from the acetabular roof to the line joining the lateral margin of the acetabular roof and the upper corner of the symphysis pubis on the same side ( Figure 1B ) 6 . The ARO was defined as the angle between the line connecting the lateral edge of the acetabular roof and the lower iliacus tip of the acetabular surface and the line parallel to the pelvic "tear drop" (Figure 1A ) 5 . The RA was determined by the line along the lateral side of the ilium on the acetabular surface and the line parallel to the pelvic "tear drop" 5 . Sex-related differences of anatomical parameters of acetabulum were assessed by paired samples t-test. A significant level of p < 0.05 was assumed. Statistical software for Windows version 15.0 SPSS was used for all calculations. Table 1 summarizes the means and standard deviations of the center-edge angle of Wiberg, acetabular angle of Sharp, acetabular depth, acetabular roof obliquity and roof angle of groups in Serbian population.
Results
The following parameters for acetabular geometry were obtained (ґ ± SD): CEA -32.5 ± 6.4° (33.6 ± 5.8° in male, 31.3 ± 6.9° in female), (ґ ± SD) AA -38.0 ± 3.8°( 37.5 ± 3.6° in male, 38.5 ± 3.9° in female) AD -11.9 ± 2.8 mm (12.5 ± 2.7 mm in male, 11.2 ± 2.7 mm in female), ARO -7.6 ± 5.7° (6.2 ± 4.9° in male, 9.0 ± 6.0° in female) and 18.4 ± 9.1° (19.6 ± 8.5° in male, 17.1 ± 9.5° in female).
Acetabular angle, center -edge angle of Wiberg, acetabular depth, acetabular roof obliquity and roof angle differed significantly by gender.
The average CEA was significantly greater in the men than in the women: 33.6° (SD = 5.8°) in male hips and 31.3°( SD = 6.9°) in female hips (p < 0.01, t-test).
The average AA was significantly lower in the men than in the women: 37.5° (SD = 3.6°) in male hips and 38.5°( SD = 3.9) in female hips (p < 0.01, t-test).
The average AD was significantly greater in the men than in the women: 12.5 mm (SD 2.7) in male hips and 11.2 mm (SD = 2.7) in female hips (p < 0.01, t-test).
The average ARO was significantly lower in the men than in the women: 6.2° (SD = 4.9) in male hips and 9.0°( SD = 6.0) in female hips (p < 0.
01, t-test).
The Average RA was significantly greater in the men than in the women: 19.6° (SD = 8.5) in male hips and 17.1°( SD = 9.5) in female hips (p < 0.
Distribution of anatomical parameters of acetabulum and sex related differences within various ethnic groups are presented in Tables 1-6 7-15 . 31.3 ± 6.9 38.5 ± 3.9 11.2 ± 2. 
Discussion
According to the obtained results it can be concluded that Serbian female acetabul in our study population are more dysplastic than in males using all methods of measurement. Regarding gender differences in the five most important acetabular parameters, CEA, AA, AD, ARO, RA, we found a distinct discrepancy between our data and those reported in the literature [7] [8] [9] [10] [11] [12] [13] [14] [15] . The center-edge angle, originally described by Wiberg 16 , is perhaps the most used indicator and it is included in most of the radiographic classifications. It evaluates the degree of lateral coverage of the femoral head in the frontal plane and a large CEA correlates with a deep acetabulum. Consensus seems to exist regarding the normal and pathological values of the classic CEA. A classic CEA of more than 20° between 3 and 17 years and a classic CEA of more than 25° in adults was considered "normal", and CEA below 20° in adults and below 15° in children and adolescents "pathological" 16 . Hips with CEA between 20° and 25°i n adults and between 15° and 20° in children and adolescents are "intermediate" or "uncertain" hips. However, detailed studies are required to evaluate the normal and pathological values of the refined CEA. Serbian male CEA (33.6 ± 5.8°) is significantly higher (p < 0.05) than female CEA (31.3 ± 6.9°), corresponding to the findings of Lavy 13 in Japanese hips, who found a significantly higher male (29.5 ± 5.9°) than female CEA value (27.9 ± 6.5°). Umer et al. 12 reported the mean CEA in Singaporean population was 31.2 ± 7.9° (range 5-52°) and mean female CEA (33.5 ± 7.1°) that of is significantly higher (p < 0.05) than male CEA (30.6 ± 8.1°). No significant differences were found in the CEA in Malawian, British, Korean, Turkish and Denmark population related to gender 7, [9] [10] [11] [13] [14] [15] . The CEA differed significantly by gender in Japanese and Singaporean population.
The acetabular angle of Sharp is one of the most common anatomical parameters of acetabulum used to assess acetabular dysplasia. Our measurements revealed the Serbian male AA value (37.5 ± 3.6°) was lower than the female one (38.5 ± 3.9°, p < 0.05) corresponding to the findings of Jacobsen in the Denmark population, who found a significantly higher female value (39.1 ± 3.7°) than male AA value (37.0 ± 3.5°) in the right hip. These results differ from those reported by Umer et al. 12 , who observed a male AA of 39.9 ± 6.0° and a female AA of 38.3 ± 5.9° in Singaporean population. No significant differences were found in the AA in Singaporean population related to gender. The AA differed significantly by gender in Malawian, British, Japanese, Korean and Denmark population 7, 8, 10, 11, 13, 14 . The acetabular index of depth to width evaluates the depth of the acetabulum. In comparison between normal and dysplastic hips with osteoarthritis, all normal hips were shown to have acetabular index values over 38°. Murrey 17 reported another method, which use acetabular depth to compensate for the inaccuracy of the Wiberg angle which was caused by formation of a bony spur of lateral margin of the acetabulum and displacement of the femoral head. It is considered as acetabular dysplasia if the acetabular depth is less than 9 mm. Regarding the AD we determined a significantly lower value of the Serbian female (11.2 ± 2.7°) than the male (12.5 ± 2.7°, p < 0.05). This agrees with the findings of Genser-Strobl et al. 18 , who also found a significantly higher male value (17.98 ± 1.22°) than female (14.50 ± 2.21°) 
